The climatic situation in Europe, and particularly in Hungary, is favorable for occurrence of toxin-producing Fusarium fungi and their metabolites. T-2 toxin and zearalenone (also referred to as F-2 toxin) are frequently contaminants of cereal grains and other corn-based food and feedstuff (7) . These compounds can cause serious health problems in humans and other animals in concentrations as low as micrograms or nanograms of toxin per gram of food or feed; therefore, it is necessary to use sensitive methods for their detection. Chemical methods for measuring mycotoxins in cereals, e.g., thinlayer chromatography, liquid chromatography, or gas chromatography-mass spectroscopy, are time-consuming and quite expensive and require complicated sample cleanup. The recent development of enzyme-linked immunosorbent assays (ELISAs) has proved that immunoassays based on antigenantibody reaction are fast, specific, sensitive, and inexpensive methods for mycotoxin analysis (1, 4) . Our laboratory developed monoclonal antibody (MAb)-based, single-extraction, direct competitive ELISAs for the determination of T-2 and F-2 toxins in different cereals. We report the setup and validation of these tests, needed before the tests can be used routinely.
Toxin labels. T-2 (Sigma Chemical Co.) was first converted to T-2-hemisuccinate (2) and conjugated by an active ester method to horseradish peroxidase (Reanal) as described by Esgin et al. (3) . Zearalenone (Sigma) was first modified to F-2-oxim (9) and then coupled to horseradish peroxidase (3). The working dilutions of the conjugates were determined in a direct ELISA.
Antibodies. Hybridoma cell lines secreting monoclonal anti-T-2 and anti-F-2 were produced as published elsewhere (5 Recovery of T-2 and F-2 toxins from artificially infected cereals. To 5 g of finely ground cereals (wheat, maize, or barley), 100 to 2,000 ng of pure T-2 or 25 to 500 ng of F-2 per g was added 1 day prior to extraction. Thereafter, the samples were shaken for 1 h with 20 ml of extraction solvent (composed of 89 parts acetonitrile, 10 parts 0.5% KCl, and 1 part 1% H2S04). The extracts were then left to sediment, and 100-,ul aliquots were diluted 1:25 or 1:50 with PBS-Tween and used directly in the assay.
The first step in developing a direct competitive ELISA is to determine the optimal antibody and mycotoxin-peroxidase dilution. In our experiments, the MAbs were used as ascitic fluid without purification, because they did not cause any nonspecific reaction in the tests. Figure 1 shows the doseresponse curves of T-2 and F-2. Detection limits in buffer solutions (0 ± 2 standard deviations) were 0.43 and 0.2 ng/ml for T-2 and F-2, respectively. The most accurate measurements were obtained in the middle of the range. The 50% values of B/B() were 2.3 and 0.6 ng/ml for T-2 and F-2, respectively. Sensitivity is defined as the slope of the curve at the inflection points (i.e., middle of the test) (6) . These values, estimated with the Statgraph program, proved to be 0.98 for T-2 and 1.02 for F-2 tests, near the optimal. The correlation coefficient (r) of the linear part of the calibration curves was 0.98 in both tests. The within-assay and interassay coefficients of variation of the standard points of T-2 (0.5 to 25 ng/ml) and F-2 (0.25 to 2.0 ng/ml) were each less than 10%.
A very important step of validation is the detection of matrix effects, which in most cases should be avoided by cleaning the samples (6). To extract mycotoxins from different cereals, methanol-or acetonitrile-based organic solvents are generally used in various concentrations, combined with different cleanup steps (8) . The aim of our work was to eliminate sample cleanup before the assay and to simplify the procedure. In the present study, ethanol was used instead of methanol. Our experience with ethanol-or acetonitrile-based extraction solvents was very similar to those of others (8) . Cereal extracts containing ethanol-water (80:20) showed significantly more interference in ELISA as confirmed by a recovery rate of the added toxin that was too high (200%) ( Table 1 ). The supernatants were turbid because of unsoluble lipid components. The acetonitrile-based solvent, however, was acceptable; the extracts remained clear, and by appropriate dilution of the samples with PBS-Tween, the interference could be minimized. This result was due to the use of highly sensitive MAbs.
The nonspecific inhibition caused by solvents containing different acetonitrile and ethanol concentrations was also checked in direct competitive ELISA. In the range of 10 to 100%, both solvents inhibited the binding of toxin-peroxidase 50  43  85  52  105  56  111  100  84  84  98  98  87  87  250  212  85  203  81  235  94  500  455  91  401  82  457  91 "Each sample was infected in three parallel experiments and then extracted and assayed in three replicates.
conjugate to the solid-phase antibody (Fig. 2 ), but this effect could be avoided by decreasing the acetonitrile or ethanol concentration to less than 10%. This observation was not confirmed by others (8) , who obtained insensitive and flat calibration curves with decreasing acetonitrile concentration. Recoveries of T-2 and F-2 toxins from artificially infected cereals are summarized in Tables 2 and 3 . The average recoveries were 82% for T-2 and 91 % for F-2. The measuring ranges of our tests are 100 to 2,000 ng/g for T-2 and 25 to 400 ng/g for F-2.
Finally, it should be emphasized that the deterioration and ending of the test may be due to the limited stability of the antibody and that of the enzyme tracer. In our tests the antibodies are precoated on the surface of polystyrene plates, and these were stable for more than 6 months. The enzymelabeled toxins prediluted with ammonium sulfate solution were stable for 6 months as well.
Our results indicate that these immunoassays can be applied to quantitative measurement of mycotoxins from single extracts of cereals. Because sample cleanup is not necessary, these tests can be completed in 3 h.
